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<§) Water-based coating compositions and the use thereof. 

© In the protection of ferrous substrates by application of a 
water-based paint composition followed by drying at ambient 
temperature susceptibility to flash rusting is reduced by the 
use of a paint composition having pH in the range from 3.0 to 
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This invention relates to water-based coating 
compositions and more particularly to water-based 
coating compositions comprising an aqueous latex 
or dispersion of a film-forming polymer, and the 
use thereof in providing protective coatings upon 
ferrous metal surfaces. 

A wide variety of polymers (both homopolymers 
and copolymers) may be used as the film-forming 
polymer component (the "polymeric binder") in 
water-based coating compositions for use in 
the protective coating of ferrous metal 
surfaces. Such coating compositions comprise 

(a) an aqueous latex or dispersion of the poly- 
meric binder, 

(b) one or more pigments and (c) optionally 
one or more other components, for example 
thickeners. 

A problem that is often encountered with 
water-based coating compositions when used in 
the protection of. iron or steel is that known 
as "flash-rusting"; this term is applied to 
the development of small discrete areas of rust 
staining as the applied coating dries. The 
problem of flash-rusting is especially 
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troublesome when the drying of the applied 
- coating takes place at ambient temperature, 
i.e. with compositions which do not require 
a "baking" period for curing or hardening at 
a temperature substantially above ambient 
temperature. Since much of the potential use 
of protective coating compositions is in their 
application to structures such as bridges, 
buildings and storage tanks and large components 
such as pipe-work, it is clearly desirable that 
such coating compositions should be capable of 
being applied by brush, spray or roller and of 
being dried at ambient temperature without 
the need for curing at elevated temperature. 
(This is in contrast to the application of paints 
by dipping processes or by processes wherein an 
article or component is immersed in a bath from 
which the coating is deposited; in such processes 
the applied coating can readily be dried in a 
controlled atmosphere, usually with "baking" or 
curing at elevated temperature). 

In the formulation of water-based paints 
capable of drying at ambient temperature it has 
previously been regarded as essential, in 
order to minimise flash-rusting, to use an 
alkaline composition, the pH being adjusted 
to above 7, if necessary, by the addition 
of a base, for example ammonium hydroxide 
or morpholine. Thus, for example, in the spec- 
ification of UK Patent No 1 450 916 there is 
described a pigmented corrosion-inhibiting 
composition containing a water-soluble complex of 
a polyvalent transition metal with a volatile 
complexing agent (which may be ammonia or a 
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volatile amine) and a corrosion- inhibiting anion. 
In the formulation of a water-based paint compris- 
ing an aqueous polymer latex, the said water- 
soluble complex , pigments and other paint com- 
ponents, ammonium hydroxide is added to bring the 
pH to a value of 7.5 to 10. 

We have now found that, for a wide variety 
of polymeric binders, water-based coating com- 
positions capable of being applied and dried at 
ambient temperature and having low susceptibility 
to flash-rusting may be obtained (without impairing 
long-term resistance to corrosion) by formulation 
to give an acidic composition. 

Thus according to the present invention there 
is provided a water-based paint composition 
capable of forming a protective coating by 
application to a ferrous substrate followed by 
drying at ambient temperature comprising (a) an 
aqueous latex or dispersion of a film-forming 
polymer consisting essentially of units derived 
from one or more mono-ethylenically unsaturated 
monomers containing a single vinyl or vinyl idene 
group and (b) a corrosion-inhibiting pigment, 
characterized in that the pH of the composition 
is in the range from 3.0 to 6.5. 

According to another aspect of the invention 
there is provided a method of protecting a 
ferrous substrate which comprises applying to the 
said substrate a coating of a water-based paint 
composition as defined in the preceding paragraph. 

The polymers which may be used as the film- 
forming polymer (the "polymeric binder") in the 
aqueous latex used in the present invention 
include homopolymers and copolymers of the 
following : 
vinyl chloride 
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vinyl idene chloride 

vinyl esters of alkanoic acids having from 1 to 
18 carbon atoms in the alkyl group, especially 
vinyl acetate. 

acrylic and methacrylic esters of alkanoic acids 
having from 1 to 18 carbon atoms in the alkyl 
group, especially the said esters having from 
1 to 12 carbon atoms in the alkyl group, for 
example the methyl, butyl or 2-ethylhexyl 
esters. 

acrylonitrile, methacrylonitrile 
mono-ethylenically unsaturated hydrocarbons, for 

example ethylene, isobutene, styrene and 

alpha-methyl styrene. 

The polymers may also (optionally) contain 
a small proportion of one or more aliphatic 
alpha-beta unsaturated carboxylic acids. "The 
proportion of such acid( S ) may be, for example, 
from 0.2 parts to 10 parts by weight per hundred 
parts of the total monomer components of the 
polymer. Acids which, may be used include acrylic 
methacrylic, itaconic and citraconic acids. 

The present invention is especially advant- 
ageous when the polymer in the aqueous latex is a 
copolymer of (i, vinyl chloride, (ii, vinylidene 
chloride and (iii) one or more alkyl acrylates or 
alkyl methacrylates having from 1 to 12 carbon 
atoms in the alkyl group; such polymers may 
optionally also contain one or more aliphatic 
alpha-beta unsaturated carboxylic acids. Examples 
of such copolymers are those described generally 
and specifically in the specification of our UK 
Patent No 1 558 411. 
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The preparation of the aqueous latex of the 
polymer may be carried out by well-established 
emulsion polymerisation techniques, for example 
as described in UK Patent No 1 558 411 and in UK 
Patent No 1 450 916. Alternatively, the latex 
may be prepared by emulsif ication of a polymer 
prepared by another polymerization technique. 

The required pH range may be achieved by 
using a method of polymerization which leads 
directly to an aqueous latex having a pH value in 
the required range; alternatively the pH of the 
aqueous latex, as prepared, may be above or below 
the required range, the pH subsequently being 
adjusted to the required value by appropriate 
addition of acid or alkali. 

The optimum pH for a particular paint com- 
position will depend upon the corrosion-inhibiting 
pigment employed. At the lower end of the 
specified pH range, depending -upon the particular 
polymeric binder and the particular formulation 
employed, some degree of acid hydrolysis of the 
polymeric binder may be encountered and premature 
coagulation of the latex may also occur. Accord- 
ingly the preferred pH is in the range from 4.0 
to 5.5, for example from 4.0 to 5.0. 

The corrosion-inhibiting pigment may be a 
metal salt derived from a wide range of oxy-acids. 
The anion thereof may be, for example, an oxy- 
anion containing chromium, molybdenum, tungsten, 
phosphorus, boron or silicon; such anions include 
chroma te, molybdate, tungstate, silicochromate , 
metaborate, hexametaphosphate , acid phosphate, 
silicate, phosphosilicate and borosilicate . 



The metal of the salt may. be , for example, 
zinc, lead, magnesium, manganese, iron, calcium , 
strontium or barium; an especially suitable 
pigment is zinc phosphate. 

In addition to the corrosion-inhibiting 
pigment the paint composition may advantageously 
also contain corrosion- inhibiting anions introduced 
in the form of the corresponding acid or a 
water-soluble salt thereof. The anions thus 
introduced further enhance resistance to flash 
rusting and in many cases improved adhesion of 
the coating to the metal substrate results. 
Introduction of the said anions in the form of 
the corresponding acid is especially advantageous 
when the latex as prepared is alkaline and/or 
when a basic pigment is used. Suitable anions 
which may be introduced in this way include those 
already mentioned as anions of the corrosion-inhibit- 
ing pigment. The use of phosphate anions is 
especially preferred; other suitable anions 
include f errocyanide , ferricyanide and corrosion- 
inhibiting organic anions, for example benzoate. 

The compositions of the invention may be 
applied to a wide variety of ferrous substrates, 
for example clean or rusty steel which has been 
blasted by steel shot or by other means, rusty 
steel or wire-brushed rusty steel. The compositions 
may be applied by conventional techniques for the 
application of a coating to a substrate, for 
example by brush, spray or roller. For such 
applications the solids content of the paint 
composition is preferably at least 25% by volume 
(for example from 25% to 60%, preferably from 35% 
to 50%) . 
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The invention is illustrated by the following 
Examples. Unless otherwise stated all parts and 
percentages are by weight. 
EXAMPLE 1 

An aqueous latex of a copolymer of vinyl idene 
chloride, vinyl chloride, 2-ethylhexyl acrylate 
and acrylic acid was prepared by the method 
described in the specification of UK Patent No 

1 588 411. 

The copolymer contained 76 parts of vinylidene 
chloride, 6.5 parts of 2-e th'ylhexyl acrylate and 

2 parts of acrylic acid per hundred parts of total 
vinylidene chloride and vinyl chloride. The 
solids content of the latex was 61% and the pH as 
prepared was 2.0. 

This latex was mixed with minor proportions 
of surfactant and defoamer to give Latex Mixture 
A of the following composition: 

parts 

Aqueous latex (61% solids) 59.2 

"Synperonic" PE 3 9/70 

(30% solution) 2.4 (surfactant) 

"Bevaloid" 642 o.l (defoamer) 

Butyl cellosolve 2.0 

A pigment dispersion containing zinc phosphate 
as corrosion-inhibiting pigment was prepared 
(using a high-speed cavitation mixer) having the 
following composition: 

parts 

"Synperonic" PE 39/70 

(30% solution) 19,6 
"Bevaloid" 642 2.8 
"Methocel" J12MS 5.6 
Zinc phosphate. P240 160 



Micronized barytes 456 

"Tioxide" RCR2 6 7.2 

Water 300 

A paint composition was prepared by mixing 
36.2 parts of this pigment dispersion with 63.7 
parts of Latex Mixture A using low speed stirring. 
The pH of the resultant paint was 4.0. 

A sample of the paint was applied by brush to 
a shot-blasted mild steel panel at a wet film 
thickness of 50 microns. The coated panel 
was dried at 22°C (relative humidity 85%) for 4 
hours and then assessed for flash rusting on a 
scale from 1 to 10, where 1 represents no flash 
rusting and 10 represents very extensive flash 
rusting. The degree of flash rusting was assessed 
as 3. 

The pH of another portion of the paint was 
adjusted to pH 5.0 by addition of 0.880 ammonia; 
this paint was applied to a steel panel and the 
flash rusting assessed after the same procedure; 
the degree of flash rusting was 5. 

By way of comparison, the pH of another portion 
of the paint was adjusted to pH 8.0; after the 
same procedure the degree of flash rusting was 
10. 

EXAMPLE 2 

A paint was prepared as described in Example 
1, except that the zinc phosphate used as corrosion- 
inhibiting pigment in Example 1 was replaced by 
strontium chromate on an equal volume basis. The 
pH of the paint as prepared was 4.3. 

The pH of one portion of the paint was adjusted 
to pH 5.0 by addition of ammonia; this paint was 
then applied to a steel panel and the flash 



9. 



rusting was assessed as described in Example 1, 
The degree of flash rusting was 4. 

By way of comparison, the pH of another 
portion of the paint was adjusted to pH 8.0 by 
addition of ammonia. Following the procedure 
described in Example 1 the degree of flash 
rusting of a painted steel panel was 8. 
EXAMPLE 3 

A paint was prepared as described in Example 
1, except that the zinc phosphate was replaced by 
barium metaborate on an equal volume basis. The 
pH of the paint as prepared was 7.2. 

The pH of one portion of the paint was adjusted 
to pH 5.0 by addition of 50% aqueous sulphuric 
acid; following the procedure described in 
Example 1 the degree of flash rusting of a 
painted steel panel was 2. 

The pH of another portion of the paint was 
adjusted to pH 6.0; the degree of flash rusting 
was again 2. 

By way of comparison, the pH of another portion 
of the paint was adjusted to pH 8.0 by addition 
of ammonia; the corresponding degree of flash 
rusting was 5. 
EXAMPLE 4 

A paint was prepared as follows from "Vinacryl" 
7175, a styrene-acrylic copolymer aqueous latex 
marketed by Vinyl Products Limited. The latex 
was mixed with minor proportions of surfactant 
and defoamer to give latex Mixture B of the 
following composition : 

parts 

Aqueous latex 75.6 
"Foamaster" NS o.l 



10. 



md '008*31.6 



Butyl Cellosolve 2 .0 
"Synperonic" pe 39/70 4.5 
A pigment dispersion containing zinc phosphate 

as corrosion-inhibiting pigment was prepared 

having the following composition: 

parts 

Water 12Q 
"Foamaster" NS 7 5 

"Methocel" J12 MS 15 
"Synperonic" PE 39/70 

(30% solution) 75 
Zinc phosphate PZ40 , 427 

Micronized barytes ^217 
"Tioxide" RCR2 181 
A paint composition was prepared by mixing 

35.3 parts of this pigment dispersion with 82.3 

parts of Latex Mixture B using low-speed stirring. 

The P H of the resultant paint was 8.0. 

One portion of the paint was acidified to 

PH 4.5 by addition of 50% aqueous sulphuric acid; 

following the procedure described in Example 1 

the degree of flash rusting of a painted steel 

panel was 3. 

By way of comparison, another portion of the 
paint was used as prepared at pH 8.0; the corres- 
ponding degree of flash rusting was 8. 
EXAMPLE 5 

A paint was prepared as described in Example 
4, except that the "Vinacryl" 7175 was replaced 
by "Ucar" 4341, a styrene-acrylic latex marketed 
by Union Carbide Inc. 

One portion of the paint was acidified to pH 
4.5; the corresponding degree of flash rusting 
was 4. 
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By way of comparison, another portion of the 
paint was used as prepared at P H 8; the correspond- 
ing degree of flash rusting was 8. 
EXAMPLE 6 

5 A paint was prepared as described in Example 1 

except that orthophosphoric acid (l.o g) was 
added as a solution in water (50% by weight) to 
Latex Mixture A. The p H of the paint was adjusted 
to P H 6.0 by addition of ammonia. The degree of 
10 flash rusting was 2. 

EXAMPLE 7 

A paint was prepared as described in Example 
6 except that the orthophosphoric acid. was 
replaced by the same weight of diammonium 
15 hydrogen phosphate. The pH of the paint was 

adjusted to P H 6.0 by addition of ammonia. The 
degree of flash rusting was again 2. 



In the foregoing Examples the solids contents 
of the paint compositions were as follows: 
Example % so lids % solids 



1 

2 63 

3 62.5 

4 54 

5 54 

6 54 
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by weight by volume 

62 44 
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44 
39 
39 
39 
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CLAIMS 

1. A water-based paint composition capable of 
forming a protective coating by application 
to a ferrous substrate followed by drying at 
ambient temperature comprising (a) an aqueous 
latex or dispersion of a film-forming polymer 
consisting essentially of units derived from 
one or more mono-ethylenically unsaturated 
monomers containing a single vinyl or vinyl- 
idene group and (b) a corrosion- inhibiting 
Pigment, characterised in that the p H of the 
composition is in the range from 3.0 to 
6.5. 

2. A composition according to Claim 1, character- 
ised .in that the pH is in the range from 4.0 
to 5.5. 
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A composition according to Claim 1 or Claim 2 
characterised in that the film-forming 
polymer is a copolymer of (i) vinyl chloride, 
(ii) vinylidene chloride and (iii) one or 
more alkyl acrylates or alkyl methacryla tes 
having from 1 to 12 carbon atoms in the alkyl 
group. 

4. A composition according to any of the 
preceding claims, characterised in that the 
corrosion-inhibiting pigment is a metal salt 
of an inorganic oxy-acid. 

5. A composition according to Claim 4, character- 
ised in that the metal of the salt is zinc, 
lead, magnesium, manganese, iron, calcium 
strontium or barium. 

6. A composition according to Claim 5, character- 
ised in that the salt is zinc phosphate. 
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7. A composition according to any of the 
preceding claims, characterised in that the 
composition also contains corrosion-inhibiting 
anions introduced in the form of the corres- 
ponding acid or a water-soluble salt thereof, 

8. A composition according to any of the 
preceding claims, characterised in that the 
solids content is at least 25% by volume, 

9. A method of protecting a ferrous substrate 
which comprises (a) applying to the said 
substrate a coating of a water-based paint 
composition comprising an aqueous latex of a 
film-forming polymer and a corrosion-inhibit- 
ing pigment and (b) allowing the applied 
coating to dry at ambient temperature, 
characterised in that the paint composition 
is a composition as claimed in any of the 
preceding claims, 

10. A method according to Claim 9 characterized 
in that the paint composition is applied 

by brush, spray or roller. 
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